We conduct a model-independent effective theory analysis of hypercharged fields with various spin structures towards understanding the diboson excess found in LHC run I, as well as possible future anomalies involving W Z and W H modes. Within the assumption of no additional physics beyond the standard model up to the scale of the possible diboson resonance, we show that a hypercharged scalar and a spin 2 particle do not have tree-level W Z and W H decay channels up to dimension 5 operators, and cannot therefore account for the anomaly, whereas a hypercharged vector is a viable candidate provided we also introduce a Z in order to satisfy electroweak precision constraints. We calculate bounds on the Z mass consistent with the Atlas/CMS diboson signals as well as electroweak precision data, taking into account both LHC run I and II data.
Introduction
The Atlas and CMS collaborations have recently reported several excesses in the diboson decay channels with a possible resonance around 2 TeV in run 1 of the LHC [1] [2] [3] . The excesses include the W Z, W W and Z Z channels with local significances of 3.4σ, 2.6σ and 2.9σ, respectively with a resonance around 2 TeV reported by Atlas and the W H mode with a resonance around 1.8 − 1.9 TeV with a deviation of 2.2σ according to CMS. The recently announced run 2 results on the other hand do not show any such excess but the data is not enough to rule out the effect at 95% confidence level [4, 5] . Specifically, the luminosities for the 8 TeV run were 20.3 fb −1 and 20 fb −1 for Atlas and CMS, respectively, whereas those for the 13 TeV data released in December were 3.2 fb −1 and 2.6 fb −1 for the two collaborations. Consequently, while the run II results put more stringent bounds on the possible 2 TeV resonances, more data is needed to come to a definite conclusion about the excesses reported in run I. The tightest bound on the cross-section times branching ratio for the W Z channel from LHC run I comes from the W H data through the Goldstone equivalence theorem [6] , which gives a 95% confidence upper limit of about 7 fb for a 2 TeV resonance for a 8 TeV P P collision [7] . This corresponds to about 54.7 fb for a 13 TeV experiment. In run II, the strictest constraint comes from the W Z data, giving an upper bound of about 40 fb for a 13 TeV center of mass energy, which is smaller but still large enough to leave open the possibility that further data could lead to a discovery of a new particle.
Beyond the 2 TeV LHC run I diboson excess, the W Z channel could also potentially arise in future experiments at other energies and will therefore also be an important part of future searches for new physics. In this backdrop, it is worth developing a framework for understanding such diboson excesses. The purpose of this paper is to offer a simple model-independent effective theory perspective for understanding charged resonances with diboson decays. The motivation for focusing on charged particles is partly that the largest reported statistical significance for the run I diboson excesses is for the W Z channel, and partly that this involves a more constrained and therefore more interesting symmetry structure than does a simple neutral resonance (though of course what is more interesting can be a matter of perspective).
Here we might point out that there is also the possibility of leakage between the W Z, W W and Z Z channels due to misidentification. One interesting work in this regard is [8] which carries out a goodness of fit comparison for the various channels (see table V). The 3 fits they compare involve setting one of W W or W Z signal to be zero and fitting the data in terms of the remaining two modes (rows 1 and 2), or by setting the W W and Z Z to be nearly zero and explaining the data almost entirely in terms of W Z (row 3). They find that all 3 fits have ∆χ 2 values less than 1, though setting W Z to be zero gives a marginally better fit than the one in which W W and Z Z are both set to zero. With the 3 fits being compareable in quality, the diboson signal could be explained more or less equally well by either of the 3 combinations (i.e. W Z with Z Z, W W with Z Z or almost entirely in terms of W Z) unless more data allows better discrimination. This means that there is considerable room for misidentification between the various channels, with a W mistaken for a Z and vice versa. With that being so, and with the reported statistical significance of the individual W Z channel being the highest, the diboson excess could be explained entirely by a charged resonance decaying to W Z, which is the scenario we focus on through most of this work, though we also briefly address the possibility of an accompanying neutral resonance accounting for the reported W W and Z Z events.
Our strategy will be to follow an effective theory approach. We will consider hypercharged fields that are singlets under the standard model SU(2) l group with different spin structures (scalar, spin 1 and spin 2) for the possible 2 TeV particle and construct Lagrangian terms allowed by the symmetries. Since we are assuming SU(2) singlets, the only way for these new fields to get an electric charge is for them to have hypercharge ±1. For each spin case, we will start by assuming that there is no physics in addition to the standard model up to the 2 TeV range except the possible resonance particle and relax this assumption only if we are forced to do so by some consistency requirements or existing experimental constraints. We will run into such an issue for the vector case where the electroweak precision bounds will force us to include a neutral Z in addition to W . A Z could also potentially account for some of the W W and Z Z excess found in the LHC run I data, a possibility we will briefly discuss in the course of our analysis.
It is worth mentioning that in [9] , a somewhat similar effective theory framework has been used to investigate various spin structures for possible singlet resonances to account for the recently reported diboson anomaly. However, their study is strictly restricted to neutral candidates with the view that the reported W Z excess could well be a W W or Z Z channel being mistaken as W Z due to possible contamination [8] , whereas in this paper, we mainly focus on charged resonances. Moreover, in the analysis of a vector resonance [9] does not take into account electroweak precision bounds which require the introduction of a W in addition to Z in order to avoid large deviations of the ρ parameter from unity. Another related work is [10] which sets up the effective theory for spin 0 and 2 SM singlet resonances in the context of the diboson anomaly. Yet another alternative is to consider an SU(2) l triplet with vanishing hypercharge [11] . As for the hypercharge case, we would like to acknowledge that [12] is one of the earliest papers discussing the phenomenology of a W using an effective theory approach and even predicted the W Z diboson decay channel back in 2011. We may also mention that some works have also considered explanations other than the diboson interpretation involving a W W , Z Z or W Z pair. These include the triboson scenario [13] [14] [15] or the possibility that some BSM boson with a mass sufficiently close to m w and m z may have been misidentified as a W or Z [16, 17] .
The organization of this paper will be as follows. In section 2, we consider a hypercharged scalar as a candidate for the possible 2 TeV resonance. We show that such a scalar cannot account for the diboson anomaly since the symmetries of the standard model prohibit its decay to W Z and W H at tree-level at least up to dimension 5 operators. We also extend the discussion to the case of the 2 higgs doublet model and show that a hypercharged scalar along with the 2HDM cannot account for the W Z excess either. We may also mention here that the 2HDM by itself cannot account for the diboson signal since the tree-level W Z decay of the heavy charged higgs is well-known to be forbidden by the custodial symmetry [18, 19] and there are only a few studies where possibilities involving extensions of the 2HDM have been considered [16, 20, 21] .
In section 3, we discuss the possibility of a hypercharged vector W that quadratically mixes with W as a possible explanation for the diboson signal. The underlying physics for such a vector particle may be an additional gauge field such as that in the SU(2) l ×SU(2) r model [22] [23] [24] which has also received considerable interest in the context of the diboson anomaly with [6, 14, [25] [26] [27] [28] [29] [30] [31] [32] [33] being some especially interesting works.
[34] goes a step further by considering the left-right-symmetric model to simultaneously explain the 2 TeV diboson excess as well as the 750 GeV diphoton signal. We can of course also consider more complicated extensions of the SM gauge group such as those considered in [35] [36] [37] . Alternatively, a hypercharged W may also arise from a composite theory [38, 39] . Working in our model independent effective theory approach, we show that a hypercharged W vector field can indeed account for the observed excess and calculate the relevant cross-section and decay rates. However, this scenario violates electroweak precision bounds on the ρ parameter unless we also introduce a Z that quadratically mixes with Z. We calculate constraints on the Z mass and the Z Z mixing based on electroweak precision data.
In section 4, we discuss the hypercharged spin 2 case and show that like the scalar, it too cannot have diboson decays to W Z and W H, though the argument for this is slightly different. We thus conclude that within the assumption that there is no additional physics beyond the standard model up to the scale of the possible resonance (2 TeV in this case), only a vector resonance can possibly account for the recently reported W Z and W H anomalies, and therefore studies on this subject should focus their efforts accordingly.
Hypercharged lorentz scalar
We will consider this for the regular standard model as well as its extended version in which there are two higgs doublets and show that a hypercharged scalar cannot account for the diboson excess.
A hypercharged scalar added to the regular standard model
We start by considering an SU(2) l singlet scalar φ with hyper charge 1 and try to construct interactions that give its decays into W Z and W H. Throughout this paper, we will work in the notation where the higgs doublet H transforms as (2, −1/2) under the standard model SU(2) l × U(1) group, and acquires a non-zero vacuum expectation value in its first component from electroweak symmetry breaking. With H having hypercharge −1/2, we need φ coupling to two powers of H to get a hypercharge singlet. Additionally, we throw in a pair of covariant derivatives in order to obtain couplings of φ W Z and W H (in any case, φH · H is zero). We thus get the dimension 5 interaction
where Λ is the scale associated with the underlying UV physics. This is the only (dimension 5) coupling of φ to two powers of
is zero due to the anti-symmetry of the SU(2) invariant dot product, and 
where Q l and L l are the left-handed quark and lepton SU (2) 
terms are all gone and we do not get diboson decays of φ at least at tree-level. The absence of these decays can also be seen by working carefully with (1) .
2 term contains a mixing between φ and W . This results in an additional set of contributions to the diboson decay amplitude where φ first flips to a virtual W , which then decays to W Z or W H through the standard model W W Z and W W H couplings. And this additional set of contributions (through the virtual W ) exactly cancel the contributions from the direct φW µ Z µ and (∂ µ φ)W µ H interactions due to the custodial symmetry.
We have thus found that a hypercharged scalar, at least by itself, cannot account for the observed anomaly as it does not have the required diboson decays at tree-level up to operators of dimension 5 1 . We have not even addressed the other question of getting pp → φ with a large enough cross-section. The issue on this front arises from the fact that we are unable to obtain Yukawa interactions between quark bilinears and φ except through non-renormalizable higgs couplings of the form φH ·Ū P r Q l and φH · Q l P r D r . The Yukawa interactions of φ to charged quark bilinears thus obtained are suppressed by V /Λ, which results in very small cross-sections for pp → φ even if we are able to do some model building to get the couplings of the first generation quarks to be close to unity. If we try to write couplings of φ to a pair of right-handed quark fields, then Lorentz-invariance forces us to have currents, and we can only get couplings like (D µ φ)Ū r γ µ D r , which turns out to be further suppressed due to angular momentum conservation). However, at least in principle, it is possible that we might be able to produce φ from a pp collision in a large enough number to be detectable in a next generation collider if not the LHC. But the absence of diboson decays of φ means that a stand-alone hypercharged scalar added to the standard model will have to be ruled out as a candidate for explaining any observed diboson signal even in next generation collider experiments.
Extending to the 2 higgs doublet model
We might be tempted to ask whether the above conclusion (i.e. the absence of W Z and W H decays) also holds for the 2 higgs version of the standard model since there, we can also write interactions in which φ (or its covariant derivative) couples to a product of the two higgs doublets (or their covariant derivatives) rather than the same doublet. We now show by working with the type II 2HDM that the answer is in the affirmative at least for the W Z channel.
For the type II 2HDM, our hypercharged scalar can have the cubic interactions with a pair of higgs fields
where H u and H d transform as (2, 1/2) and (2, −1/2) respectively under the SU(2) × U(1) gauge group and have the components
and
We can write the neutral components in terms of their vacuum expectation values and real and imaginary parts as
, which may give the φ → W Z decay at tree-level, but of course the decay rate will be highly suppressed. = v = 246 GeV. We also define the angle β in terms of the equation
with the neutral components acquiring non-zero vacuum expectation values, (3) contains a quadratic mixing between φ and the charged higgs H
where H ± is the combination
We thus have a quadratic mixing through which φ inherits all the decays of the charged higgs. It is well-known from the literature on the 2HDM that the charged higgs boson does not have a tree-level decay to W Z due to custodial symmetry (see [18, 19] for a good overview). Moreover, there is also no φG ± G 0 term in (3), where G ± and G 0 are the goldstone modes associated with the W ± and Z bosons, respectively, and are given by
Therefore, we conclude that φ does not have a W Z decay at least at tree-level. As for φ → W H, the situation is slightly more subtle since the neutral scalar states in general have a different diagonalization from the charged and pseudoscalar states. (3) gives the coupling
and unless the linear combination in parentheses is totally orthogonal to the light neutral higgs mode, we do get a φ → W H contribution. That said, since the recently observed diboson excesses includes a larger W Z signal, and since φ added to the 2HDM does not give any tree-level W Z decay, we conclude that the 2HDM cannot account for the W Z excess. However, this still leaves one more possibility involving the 2HDM which we now very briefly address. What if the quadratic mixing between φ and the charged higgs creates a heavy mass eigenstate with mass 2 TeV and a light eigenstate whose mass is somewhere near m w and m z . Could the observed excess be accounted for by the decay of the heavier eigenstate to Z and the lighter mode misinterpreted as the W Z channel? A somewhat similar scenario has been proposed in [16] for the pseudo scalar higgs where it was suggested that if we add a SM gauge singlet complex scalar to the 2HDM, then it is possible to generate mixings between the pseudo scalar component of the singlet with the massive neutral pseudo scalar higgs. If the lighter pseudo-scalar eigen state arising from this mixing has a mass sufficiently close to the Z mass, then the decay of the charged higgs to a W boson along with this lighter pseudo-scalar could potentially have been mistaken as W Z. However, while the scenario of the charged higgs of the 2HDM quadratically mixing with φ to give a light particle which may have been confused as Z may seem appealing, it is not viable since this will also give an overly large contribution to the decay of the top quark to the lighter eigen state.
The vector case
We now consider a vector field W with hypercharge ±1 [12] . Such a field can only couple to right-handed fermion currents
where we have also introduced right-handed neutrinos. For simplicity, we will assume that these interactions are flavour diagonal and all quark generations have the same coupling to W . While our goal in this paper is to work in the effective theory framework, let us make some brief comments to motivate that such a theory is indeed possible. For a vector field to have a charge under an abelian gauge field, it either needs to be a non-abelian gauge field itself or a composite particle. The case of a W being a non-abelian gauge field can for instance arise from a SU(2) l × SU(2) r × U(1) model [22] [23] [24] where W is an SU(2) r gauge field which acts on right-handed fermion SU(2) r doublets. The higgs field is an SU(2) l × SU(2) r object with 2 of its components acquiring non-zero vacuum expectation values as discussed by [6] in the context of the diboson anomaly. The higgs Yukawa terms which give masses to fermions are of the form H i jf L,i f R, j , where L/R denote left/right handed and i and j are SU(2) l and SU(2) r indices. This requires the introduction of right-handed neutrinos in order to account for lepton masses. However, in a limit where one of the higgses is very heavy and can be integrated out, we get an effective theory in which the higgs is just an SU(2) l × U(1) doublet and W is a hypercharged vector with no other symmetry indices. With W being an SU(2) gauge field, there also has to be a Z , though it is heavier than W because of SU(2) r × U(1) symmetry breaking which also gives the W its mass.
In the event of W being a composite field, we do not need to have an SU(2) l ×SU(2) l higgs to account for fermion masses, and therefore we start with the regular standard model higgs doublet even in the full theory. One would also generally expect a Z in the composite case, though now the W and Z masses are not produced by the breaking of a gauge symmetry, and have different underlying dynamics. In short, the effective theory for a composite W and Z is somewhat similar to the SU(2) r × SU(2) l gauge theory, except that it does not necessitate having right-handed neutrinos at least from any symmetry requirements. It is of course another matter that the right-handed neutrino should be introduced regardless of that because of the non-zero mass for the neutrinos.
Having argued that a hypercharged W is indeed plausible, let us now proceed to discuss its physics. As pointed out by [6] , a W needs to satisfy 2 sets of constraints: 2. There are also the Drell-Yan bounds that the production cross-section times leptonic decay branching ratio for
should be much smaller than 1 fb [43] [44] [45] [46] .
To satisfy the first of these requirements, we will require that Z not be much heavier than W . This way, the deviations of the ρ parameter from 1 due to the W W are somewhat offset by effects due to the Z Z mixing. We will return to this shortly when we introduce Z . As for the Drell-Yan constraints, these are satisfied if the right handed neutrinos are heavier than W . Given that the lower bounds on right-handed neutrino masses are much larger anyway, the Drell-Yan bounds are already satisfied and we will not need to discuss them any further. Now, coming to the higgs interactions of W , we now write the dimension 4 term
where we have expanded the higgs doublet in unitary gauge
with V = 246GeV . This not only contains a quadratic mixing between W and W , but also has a W W H interaction. The W → W H decay therefore has 2 contributions. One from the direct coupling and the other through the W W mixing which flips a W to a virtual W , which in turn decays to W H through the standard model W W Z or W W H couplings. However, unlike the hypercharge scalar case, these two contributions do not cancel. As for the W Z decay, there is no direct W W Z coupling and the only tree-level contribution therefore is through a virtual W produced by the W W mixing.
With 2 TeV much larger than the W and Z masses, we can work in the limit where m w , m z and V are very small. This allows us to use the Goldstone equivalence theorem and we get the W → W Z decay rate
which for m w = 2 TeV gives 6.63 c
±
GeV . The decay width for W to a pair of quarks in the massless quark limit is
If g r is the same as the W coupling to charged quark currents e w , as is usually assumed for the SU(2) l × SU(2) r model to satisfy anomaly cancellation, then this gives 4.09 GeV for m w = 2 TeV. The W Z, W H and u id j channels are the major decay modes of W . Beyond these, the only other 2 body decay is the W γ process, but it is highly suppressed because the photon does not have a longitudinal mode. Therefore, the leading order total decay width comes to about
Now, coming to the pp → W process, we used CT14 PDFs [47] for calculating the crosssection. For the 8TeV pp center of mass energy, we obtain the cross-sections
which for g r = e w give 74.06 fb and 579 fb, respectively 2 . From (15), (17) and the assumption that g r is equal to the W coupling to charged standard model fermions, we can obtain the branching ratios for W Z/W H and the cross-sections for W production in a collision of 2 protons. Table 1 shows some interesting values of c ± along with the corresponding branching ratio times cross-sections.
Some comments about the table of |c ± | values are in order. The 19.2 fb cross-section times branching ratio value for |c ± | = 1 for 8 TeV falls within the range allowed by the run I W Z data but is clearly ruled out by the run II results at 95% confidence level. In any case, as [6] points out, CMS run I results also put a 7 fb bound on the W H cross-section times branching ratio [7] , which through the Goldstone equivalence theorem also imposes the same bound on the W Z cross-section. The next |c ± | value of 0.464 in the table corresponds to this bound. Next is |c ± | = 0.385, giving the 40 fb cross-section times branching ratio value for 13 TeV, which is the upper bound according to run II W Z data [4, 5] . The run II data for the W H channel, on the other hand, is less constraining and gives an upper bound of 60 fb [48] , and therefore, we do not include it in our table of interesting data points. Now, as we will shortly see, through the quadratic mixing between W and W in (13), all the above-mentioned values for c ± result in a larger shift in m w than what is permitted by electroweak precision bounds, requiring the simultaneous introduction of a Z in the theory. The last line shows the threshold value of |c ± | = 0.193 for which the ρ parameter lies at the boundary of the region allowed by precision data without the inclusion of a Z . This corresponds to a cross-section times branching ratio of 2 These cross-sections include both W + and W − production since both contribute to the diboson signal. about 11.2 fb for a 13 TeV experiment. Since this is small but not totally negligible, this means that there is also a considerable region of parameter space where the Z is much heavier than the W and therefore does not appear in our effective theory at the TeV or even 10 TeV scale. We now address the issue of electroweak precision constraints in some detail and extract bounds on the mass of the Z . The W W mixing term is
where we have taken m 
where m w = 2 TeV. By diagonalizing this matrix, we get the leading order percentage shift in the W mass squared ∆m
By combining (29) with (27), we obtain bounds on m z and m zz which are shown in figure  1 . We focus on m zz from 0 to V to keep the Z Z mixing small. The region between the two dashed red curves gives the m z masses allowed by precision constraints for a given m zz for |c ± | = 0.464, corresponding to a W Z cross-section of 7 fb for a center of mass P P energy of 8 TeV and about 54.7 fb for 13 TeV. This was the upper bound on the W Z mode from LHC run I. The blue curves on the other hand, give the m z bounds corresponding to |c ± | = 0.385, which gives a W Z cross-section times branching ratio of 40 fb for the 13 TeV case, which is the upper bound from run II data. The orange curve represents the lower bound on the Z mass for the threshold value of c ± = 0.193 below which we do not need to introduce a Z in the theory in order to satisfy precision constraints. This corresponds to a W Z cross-section times branching ratio of σ W Z = 11.2 fb for a 13 TeV collision. For any cross-sections smaller than this value, the z mass must lie somewhere in the region above the orange curve, and this includes the uninteresting scenario that the recently reported excesses do not correspond to any new particle. The region below the red curves is disallowed even by run I. The region below the blue curves is ruled out at 95% confidence level by the run II data. The combined bound curves therefore lie somewhere in the narrow regions between the red and blue curves 3 . We can see that these precision constraints on the Z mass leave open a wide range of possibilities. For example, a Z in the 2 − 4 TeV range which could potentially be detected at the LHC is very much consistent with the recently reported diboson anomaly. Such a Z that is slightly heavier than W could for instance arise from the left-right symmetric model. Interestingly, CMS did report an electron-positron excess at 2.9 TeV [49] in run I, though this was a very small event and taking it too seriously may be somewhat premature at this stage. There is also a large part of open parameter space where Z can be considerably heavier and therefore difficult to detect at the LHC, as well as the somewhat less likely region from the point of view of model building in which it may be lighter than 2 TeV. Then there is the possibility of a 2 TeV, which could also account for some part of the diboson excess with the somewhat bizarre miracle of W and Z masses being the same 4 . In this case, all the three modes, namely W Z, W W , and Z Z would be present in the actual physics. However, as we mentioned in the introduction, there is also considerable room for misidentification between the various channels due to the closeness of the W and Z masses, and the analysis of [8] shows that fitting the data entirely in terms of W Z also provides a reasonably good fit with ∆χ 2 of 0.8. For this reason, we do not necessarily need a 2 TeV to explain the diboson excess. However, taking one of the W Z or Z Z signals to be zero also provides fits of nearly similar quality, and therefore, it is also possible that the diboson signal could be coming entirely from a neutral Z [9] or through a mixture of mass degenerate W and Z particles decay into all the various diboson channels. That said, having a W and a Z with the same mass may require some model building as it is not entirely clear how such a scenario may arise.
While the primary focus of this paper is the 2 TeV excess found in LHC run I, our analysis is of course also applicable to any other value of the resonance. We therefore also show precision bounds on m z for m w = 1.6 TeV and 2.4 TeV In figures 2 and 3, respectively, just to illustrate how this works for 2 other W masses. While neither run of the LHC has found a noticeable excess at these values thus far, the tightest constraints come from run II W H channel data, which gives upper bounds of 50 fb and 20 fb, respectively, for the cross-section times branching ratios for these two masses for a W particle [48] . In each of these plots, we show bounds on m z with a blue pair of curves for σ W Z corresponding to the above-mentioned upper bounds set by the run 2 W H data, and the orange line represents the threshold value of |c ± | below which we do not need to introduce a Z in the theory in order to satisfy precision constraints. These threshold values of |c ± | correspond to cross-section times branching ratios of 22.8 fb and 5.62 − 20 fb for 1.6 TeV and 2.4 TeV, respectively, for a 13 TeV experiment. We can see that even though no noticeable excess has been reported for these values of the w resonance, there is still a considerable region of parameter space that remains open. We conclude this section by listing down the dimension 4 interactions of Z allowed by symmetries. Continuing with our effective theory approach, we take Z to be a standard model gauge singlet to make it have no electromagnetic charge. We find that the couplings of Z to standard model fermions are somewhat less constrained than those of W as Z can couple to both left and right-handed fermions [9] 
where i is an index labling the various fermions in the standard model. As for the quadratic mixing of Z with Z, the symmetries allow 2 different mechanisms. One of these is kinetic mixing with the hypercharge gauge field as also noted by
However, there is also the Z coupling to the higgs current which has not been considered in [9] 
and directly gives a mass mixing of the form m 2 zz Z µ Z µ when we replace the higgs fields with their vacuum expectation values. The former changes the kinetic energy and the latter directly modifies the mass matrix for the Z and Z . Since simultaneously diagonalizing the kinetic energy and mass terms is rather complicated, we can follow a two-step process. First, we can diagonalize (31) and rescale B µ by 1 − κ 2 to obtain canonically normalized kinetic energy terms. We can then diagonalize the mass term in the next step. Since a detailed analysis of the parameter space is beyond the scope of this paper, we will not carry out this procedure here.
We end our discussion of the vector case by noting that the above two quadratic mixing terms with Z results in various diboson decay channels such as W W , Z Z, H H and Z H as we have mentioned earlier. This not only means that a Z could possibly also explain the W W and Z Z events in the 2 TeV diboson excess, but also that searches for neutral diboson resonances should therefore be an integral part of any program for understanding the recently reported diboson anomalies.
The spin 2 case
The Lagrangian for a massive spin 2 field is the same as the massive graviton (see [50] for an excellent review). The standard practise for gravity is to expand the metric around the Minkowski metric or some other static background as g µν = η µν + h µν . The dynamics of the graviton are then described by h µν . In this paper, we will denote our hypercharged spin 2 field by Π µν in place of h µν to avoid confusion with the higgs. Now, if we follow our recipe of coupling our hypercharged fields with two powers of the higgs, we find that we are not able to write down any non-zero interactions. Since Π µν is symmetric, Π µν (D µ H) · D ν H is zero due to the anti-symmetry of the SU(2) invariant dot product. The other possible terms to consider are (D µ Π µν )H · D ν H and (D µ Π µν )(D ν H) · H, which are in fact related through integration by parts. Now, it is well-known in the literature on massive gravity (see the appendix for a quick derivation) that
We are therefore forced to conclude that the diboson anomaly cannot be explained by a hypercharged spin 2 resonance.
Conclusion
We have carried out a detailed effective theory analysis of hypercharged fields with various spin structures to investigate what type of particles could potentially account for the recently reported diboson excess. Working within the assumption that there is no additional physics beyond the standard model up to the scale of the possible diboson resonance, we have shown that a hypercharged scalar and a spin 2 particle do not have W Z and W H decay channels at tree-level (up to operators of at least dimension 5) and must therefore be ruled out as viable explanations for the anomaly. On the other hand, a hypercharged vector that quadratically mixes with W not only has the required diboson decays but can also have a production crosssection in the right range to account for the W Z and W H excesses. However, electroweak precision bounds require that such a W be accompanied by a Z that quadratically mixes with Z. We have calculated constraints on the Z and its quadratic mixing with Z. These constraints allow the possibility of a Z that is slightly heavier than W as predicted by the SU(2) r × SU(2) l model, but also allow for a heavier Z that may be difficult to detect at the LHC. There is also an open region of parameter space in which Z can be 2.0 TeV or lighter, though it is not entirely clear if it is possible to come up with a model with such a spectrum.
Like W , Z too should have diboson decay modes due to its quadratic mixing with Z, except that these will involve the pairs W W , Z Z, H H and Z H. The search for diboson signals can therefore serve as a very useful probe of new physics which will be of relevance even beyond the recently reported diboson excesses.
